Introduction
The rainfall in arid regions shows large variations, both in time and space. The meteorologists have studied the time variation to the neglect of the variation in space (Lundholm, 1979) . As shown in several researches on precipitation, the chemical composition of precipitation is becoming an integral measurement used in describing the cycling of materials through the atmosphere (Beavington, 1977a,b) . Reports from the USA Geological Survey show that rainwater contains some solids.
Recent work in the USA and Europe has concentrated on the rather dangerous results of technological progress, the S0 2 and N0 x emissions that end up in the rain, lowering its pH from the slightly acidic pH 5.6 for uncontaminated rain to pH 4 for acid rains (Bakish, 1976; Cogbil and Likens, 1974) . Data on the elemental content of the atmospheric environment can be obtained from the measurement of three of its components: rainwater, dry deposition and airborne dust (Beavington, 1977a,b) .
Until recently, no comprehensive measurements had been taken for any one site in northern Nigeria, though a number of studies had been made of different ranges of elements in one or other of the three components (Ayodele and Gaya, 1994; Beavington, 1977) . The annual total deposition by rain of the major nutrients: nitrogen, phosphorus, calcium, potassium and magnesium, a transfer that plays an important part in the nutrient cycle of certain ecosystems, also has been reported (Allen et al., 1968) .
Little work has been reported from the tropics except for Jones (1971) who reported levels of ammonium and nitrate nitrogen in the rainwater at Samaru, Nigeria.
Research to determine the chemical composition of atmospheric precipitation in Kano has established eight sampling stations (Figures 1 and 2 ). The initial effort was to determine the general characteristics for natural elements present over large background areas and to clarify the influence of meteorological conditions on precipitation composition. The results of some of these studies were published (Ayodele,1995; 1996) and the problem has continued to evolve as questions are raised regarding the levels of industrial effects on the natural cycling of chemicals through the environment.
This paper reports trace metal concentrations in rainwater in the semi-arid region of Kano, Nigeria. Of particular interest are the toxic elements: lead, cadmium, chromium, etc. It is important at this stage in Nigeria's industrial development to establish the levels of these and other elements in urban rains.
Materials and methods
All experiments were performed with analytical reagent grade chemicals. Glass distilled water was used throughout. Absorbance measurements were made with a Buck scientific model 210 VGP atomic absorption spectrometer (AAS) equipped with a continuum source background correction and attached to an IBM personal computer AT. The result of each sample was the average of ten sequential readings.
All containers for the rainwater samples were acid washed with 50 per cent nitric acid and were rinsed with distilled water. Rainwater was collected by means of a polythene bottle and funnel covered by a 0.5mm polythene gauze to exclude insects, leaves, etc. and surrounded by a black plastic sheet to exclude light and, hence, prevent the growth of algae (Beavington, 1977a,b) . Calibration standards were prepared from 100µg/litre stock solutions by serial dilutions and were matrix matched to the acid concentration of the samples.
A 0.25 litre portion of the sample acidified with 1cm 3 of concentrated nitric acid was evaporated to 5-10cm 3 in a covered beaker on a hotplate and was allowed to cool. The beaker and the cover were washed and the concentrate and the washings were diluted to 25cm 3 . The solutions were analysed by AAS using an air-acetylene flame. Standard single element hollow cathode lamps were used as line sources.
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Results and discussion
Trace elements in the atmosphere exist in particulate form and may be regarded in three roles: 1 potentially toxic pollutants; 2 nutrients; and 3 tracers of transfer mechanisms.
These elements may be soil derived as materials blown from the ground, the oceans, volcanic eruptions, industrial and domestic pollution.
The results for the maximum, minimum, mean, the standard deviation, etc. of trace elements in rainwater are as shown in Table  I . These concentrations are within the prevailing levels of many other industrial cities (Feth, 1967; Terhaar et al., 1967; Gloebel et al., 1966) . The concentration of these metals in the collected samples was generally low except for the early rains when higher values were recorded. Metal concentrations were in the order Pb > Cu > Ni > Cr > Cd > Zn, with their levels progressively decreasing with the frequency of the rains. Maximum concentration of Pb, Cr, Cu and Ni were above 1.1µg/ litre while Zn and Cd were 0.10µg/litre. Except for some rains in July/August, highest Pb concentrations were obtained at the airport and around the heavy traffic substations. As a result of the wide uses of copper and lead products, they were present in all the rainwater sampled.
Environmental contamination by lead is widespread, the major anthropogenic source of this element being the combustion of leaded gasoline (Dimuchowski and Bytnerowicz, 1995; Ghauri et al., 1994; Koeppe, 1981) . Although its use has been discontinued in some countries, the use of tetra alkyl lead compound as antiknock additive remains the largest application of organolead compounds (Hewitt and Harrison, 1986 ). Vehicular emissions of tetraalkylead are subject to atmospheric breakdown to triakyl-and dialkylead and all the three forms are scavenged from the atmosphere by rainfall (Allen et al., 1988; Harrison and Laken, 1978; Hewitt and Harrison, 1986; Wellburn, 1988) . That the atmospheric metallic aerosols, e.g. lead, remain in a soluble form as the halide or sulphate has been demonstrated by Lazrus et al. (1970) .
The results of three-year sampling studies suggest that the annual soluble deposition may contribute to a notable percentage of the available fraction in the soil in respect of a number of elements.
Under the influence of the harmattan wind, coupled with the high temperatures reached by soils, and the strong diurnal thermic turbulence resulting from these during the dry season, these are factors which favour the production of dust and its suspension in the atmosphere, such that the air particulate levels of many elements are in excess of an order of magnitude greater than the levels that would, under normal conditions, be recorded.
Elements associated with industrial pollution are increasing in concentration, e.g. lead, chromium, copper and nickel. Thus, the effectiveness of washing-out and the impaction of removing trace elements from the atmosphere in Kano, where the mean annual rainfall is 840mm, may not be totally realised. The higher concentrations of trace metals in the early rains may be owing to the aggregation of the metal particles in the atmosphere. It may, hence, be concluded that rainfall and dry sedimentation are the major routes for removing trace metals from the atmosphere. Figure 3 (a-f) shows the distribution for the trace metals in rainwater. The results exhibit a range of concentrations between the early and subsequent rains, suggesting strong sporadic influence from anthropogenic sources. Chromium is released into the atmosphere from industries such as metal finishing, pigments manufacture, textiles, ceramics, tanneries, etc. The high Cr concentration in Kano urban rainwater may be owing to large amounts of windblown soil dust in the atmosphere and smoke from chrome-tanned leather wastes, burned at industrial incinerators. Out of 42 tannery industries in Nigeria, 36 are located in Kano.
The distribution patterns for copper and zinc are similar, as shown in Figure 3 (d and  e) . The average Cu and Zn concentrations were 0.372µg/litre and 0.054µg/litre, with a standard deviation of 0.046 and 0.042, respectively. Rains with low copper and zinc concentrations were more frequent than rains with high concentrations.
Cadmium and nickel distribution patterns are similar, with a mean of 0.070µg/litre and 0.325µg/litre respectively. The results suggest a reasonable constancy of their concentration in rainwater. As a result of the high contribution of soil to street dust, it could be expected that the variability of the levels of elements originating primarily from the soil is less than for pollution-type elements. This is the situation for these soil-based trace elements, the co-efficient of variation range for the samples is 12.37-78 per cent.
Natural and man-made emissions are released into the atmosphere by a complicated mixture of physical processes. Apart from volcanoes, natural and man-made emissions originate at ground level while others are ejected from stacks often over 100 metres high.
Falling rains, snow, etc. are precipitation processes that transfer pollutants and their mineral products on to the surface of the land by wet deposition. The mechanism of wet deposition differs from that of dry deposition because the rates of dry deposition are dependent on pollutant concentration velocity and deposition velocity which, in turn, depend on the nature of the uptake or receiving surfaces. The rate of wet deposition depends on the precipitation rate, the wash-out ratio and the ambient air concentration.
Analysis of rainfall data from different sites in Kano, with three years of continuous results, has shown a significant trend of increasing lead. The number of individual incidences of rainfall with exceptionally high trace metal values have tended to be with the early rains that were accompanied with the strong gale-force winds.
Meteorological conditions affect the concentration of trace metals in rainwater. It has been observed that slow, even rainfalls are more effective in removing these metals from the atmosphere than brisk showers, although rain collected in thunderstorms did sometimes contain a high concentration of these metals (TerHaar et al., 1967) .
Conclusion
Among the trace metals found in urban atmospheric precipitation analysed in Kano, lead and chromium are of interest as they are toxic contaminants. One source of particulate lead is the combustion of leaded gasoline used in automobiles, while chromium is released into the atmosphere from its use in industries such as metal finishing, pigment manufacture, textiles and tanning.
Undoubtedly, these results will be of importance to the Federal Environmental Protection Agency and other environmental protection agencies, the meteorologists and the Global Environmental Monitoring System. It is hoped that more stations would be set-up, especially in the industrial and rural areas in different climatological vegetation and urban environments within Nigeria, with the goal of establishing a specialist laboratory within Nigeria for the analysis of the samples.
